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EXAMPLE 8:-.Isolation of -Mutant EPSPS gene from E. ‘coli 
ed arene” 
Cells of E. coli ATCC 11303 were transferred 


to medium A and incubated at 37°C. 


—_— 


y 


5 


Lo 


20 


25 


MEDIUM A 

10 X MOPS medium 50 ml 

50% glucose solution 2 mi 
100 mM aminomethyl phosphonate 2 ml 

Thiamine (5mg/ml), pH 7.4 1 ml 
100 mM Glyphosate (sodium salt) 2 ml 

Deionized water to | 500 mi 
10 X MOPS medium: 

Per 500 ml 

1 M MOPS (209.3g/1, pH 7.4 200 ml 
1M Tricine/89.6g/1, pH 7.4) 20 ml 
0.01 M FeS0,,7H,0 (278.01 mg/100m1 ) 5 ml 
1.9 M NH,C1 (50.18g/500m1 ) 25 mi 
.276 M K,SO, (4.81g9/100m1) 5 ml 
Q.5 mii cacl., 2H,0 (7.35mg/100m1 ) 5 ml 
0.52¢ M MgCl, (10.73g/100m1 ) 5 ml 
5 M NaCl (292.2g/1) 50 ml 
0.5% L-Methionine (500mg/100m1 ) 5 ml 
micronutrients* S pl 
* Micronutrients in 25 ml H,0 
ZnSO, (2.88mgq/ml ) 25 ul 
Mncl, (1.58mg/m1) 250 pl 
cuso, (1.6 mg/ml) 25 pl 
cocl., (7.14mq/ml ) 25 pl 
HBO. (2.47mg/ml ) 200 tit 
NH, M070, 4 (3.71img/ml ) 25 pl 

‘a < 
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After a week, a culture was obtained which could grow 
rapidly in the presence of high concentrations of ° 


. glyphosate in the growth medium (10 mM or higher). 


Analysis of the EPSPS activity in the extracts of 

this culture and comparison of its glyphosate 
sensitivity with that of wild type E. coli revealed 

that the mutant organism had an altered EPSPS. The 
glyphosate sensitivity of EPSPS of mutant cells was 
significantly different from that of wild type. 

This mutant bacterium was designated E. coli 11303 SM-1. 
The aroA gene encoding EPSPS. from this mutant bacterium 
was isolated as follows. : ; 
Isolation of aroA gene encoding EPSPS from 

E. coli 11303 SM-1: The DNA’ from this bacterium was 
isolated {Marmur, J. (1961) J. Mol. Biol. 3:208-218). 
Southern hybridization using E. coli K-12 aroA gene 
(Rogers et al., 1983) as the probe established that the 
aroA gene in the mutant bacterium was on a 3.5°Kb 
BgLII-HindIII fragment. This fragment was cloned into 
the vector pKC7 (Rao, R-N. & Rogers, S. G. (1979), Gene, 
F. 7~9-82) and the resulting plasmid was used for trans-~ 
formation of E. coli. Transformed colonies were screened 
for their ability to grow in these conditions and 

were shown to contain the 3.5Kb BgliI-HindIiI insert 

by hybridization with the E. coli K-12 aroA gene. This 
clone was designated pMON9538. An Ndel-EcoRI fragment 
of this insert which contains greater than B6% of the 
aroA gene from the mutant bacterium was cloned into an 
expression vector (pMON6012, a derivative of pMON6001 
described below) generating a hybrid EPSPS coding 
sequence carrying the E. coli K-12 aroA coding sequence 
of E. coli K-12 and 11303 SM-1. This clone was 
designated pMON9540. The EPSPS produced by this 

hybrid aroA gene retained its glyphosate tolerance, 
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suggesting that the mutation conferring glyphosate 
tolerance to EPSPS in 11303 SM-1 was localized within 
amino acids 53-427. The E. coli mutant EPSPS gene was 


“a 


incorporated into plant transformation vector with 
and without a chloroplast transit peptide in the 
following manner. 

Plasmid pMON6001 is a derivative of pBR327 
(Soberon et al., 1980) carrying the E. coli Ki2 EPSPS - 
coding sequence expressed from two tandem copies of 
a synthetic phage lambda pL promoter. Plasmid 
PMON6001 was constructed inthe following manner. First, 
PMON4 (Rogers et al., 1983) was digested with ClaI and 
the 2.5 kb fragment was inserted into a pBR327 that has 
also been cleaved with ClaI. -The resulting plasmid, 
pMON8, contains the EPSPS coding sequence reading 
in the same direction as the beta-lactamase gene of 
pBR327. | 
To construct pMON25, a derivative of pMON8 with 
unique restriction endonuclease sites located adjacent to 
the E. coli EPSPS coding sequence, the following steps 
were taken. A deletion derivative of pMON4 was made by 
Cleavage with BstEII and religation. The resultant 
plasmid, DMON7 lacks the 2 kb BstEII fragment of pMON4. 
Next, a iso bp Hinfl to NdeI fragment which encodes the 
5' end of the EPSPS open reading was isolated after 
digestion of pMON7 with NdeI and HinfiI and electroel— 
tution following electrophoretic separation on an : 
acrylamide gel. This piece was added to the purified 
4.5 kb BamHI-NdeI fragment of pMONS which contains 
the 3! portion of the EPSPS coding sequence and a 
synthetic linker with the sequence: 


5! ~GATCCAGATCTGTTGTAAGGAGTCTAGACCATGG 
GICTAGACAACATTCCTCAGATCTGGTACCTTA 
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The resulting plasmid pMON25 contains the EPSPS coding 

sequence preceded by unique ‘BamHI and BglII sites, a - 

synthetic ribosome binding site, and unique XbaI and 

NcoI sites the latter of which contains the ATG trans- 
5 lational initiator signal of the coding sequence. 

To construct pMON6001, PMON25 was digested 
with BamHI and mixed with a synthetic DNA fragment 
containing a partial phage lambda pL sequence (Adams 
and Galluppi, 1986) containing BamHI sticky ends: 





10 5 ' -GATCCTATCTCTGGCGGTGTTGACATAAATACCACTGGCGGTGATACTGAGCACATCG 





, 470 a GATAGAGACCGCCACAACTGTATITATGGTGACCGCCACTATGACTCGTGTAGCCTAG 
PL The resulting plasmid pMON6001 carries two copies of the 


synthetic phage lambda pL promoter fragments as direct 
repeats in the BamHI site of pMON25 in the correct 
15 orientation to promote transcription of the EPSPS coding 
sequence. The BglII-HindIII fragment from pMON6001 
/ which contains the E. coli K-12 aroA gene was inserted 
into a pEMBL18+ vector and a EcoRI site was inserted 
at aa27 by site directed mutagenesis. This clone 
20 with the new EcoRI site was called pMON6530. The 
Ndel-BglIif fragment (which includes the new EcoRI site) | 
from pMON6530 was cloned into the NdeI-BglII digested 
pMONS540 to give pMON6531. 
a Plasmid pMON6012 is a simple derivative of. 
25 pMON6001 created by cleavage of pMON6001 and EcoRI, 
- treatment with large Klenow fragment of E. coli 
| DNA polymerase and ligation. This gave rise to 
pMON6010 which contains no EcoRI cleavage site. 
Plamid pMON6012 was then created by digestion of 
30 PMON6010 with PvuII and insertion of a synthetic 
EcORI linker: 
— 5 '-~CCGGAATTCCGG 
GGCCTTAAGGCC 
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into the unique PvuII site near the end of the EPSPS 7 

coding sequence. | 
The 330bp EcoRI fragment of pMON9531 (was 

cloned into M13 mp9 creating a new plasmid M8017. 

Site directed mutagenesis was performed to introduce a 

BglII site in the leader sequence just $' of the 

chloroplast transit peptide using the mutagenesis 


primer 
5 ' -CCATTCTTGAAAGATCTAAAGATTGAGGA 


The mutagenized clone obtained. is designated M13 M8020. 
The BglII~EcoRI fragment was’ cloned into BglII~EcoRI 
digested pMON530 creating pMONS36. pMONS530 is a 
pNONSOS derivative (Horsch & Klee, 1985) carrying 

the 35S~NOS cassette created by transferring the 2.3 kb 
Stul-HindIII fragment of pMON316 into pMON526. Plasmid 
pMON526 is a simple derivative of pMONSOS in which the 
Smal site was removed by digestion with XmaI, treatment - 
with Klenow polymerase and ligation. The zesultant 
plasmid, pMONS30 (Fig. 2) retains the properties of 
pMONSO5 and the 35S-NOS expression cassette* now con- 
tains a unique cleavage site for SmaI between the 


' promoter and polyadenylation signals. The EcoRI 


fragment containing the aroA gene from pMON6031 
was Cloned into the EcoRI site of pMONS36 creating 


- pMONS42. 


The BglII-EcoRI fragment of pMON9540 which 
encodes the hybrid Ki2-SM1 EPSPS without the CTP was 
cloned into the BglII and EcoRI sites of pMONS530 to 


create pMON8078. 
Transformation of tobacco cells using pMONS42 


(construct with CTP) as previously described in Example 3 
resulted in glyphosate resistance. Conversely, transfor- 
mation of tobacco with pMON8078 (construct without CTP)- 
failed to confer glyphosate resistance. ~ 
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“EN RE APPLICATION OF 
DILIP M. SHAH, ET AL. GROUP ART UNIT: 124 
SERIAL NO.: 879,814 EXAMINER: Murray Spruill 


FILED: July 7, 1986 January 21, 1988 


RECEIVED 
FEB 114 i9e9 


Mae See mee ange” See Sangeet Some Siege! Seer 
: 


TITLE: GLYPHOSATE~RESISTANT 
PLANTS 


I hereby certify that this correspondence is being GROUP. 120 
deposited with the United States Postal Service “as 
first class mail in an envelope addressed to: 
Commissioner of Patents and T a 

Washington, D. C.., 20231 on 1 IIE 
D is R. Hoerner, Jr 


ibtration No./90,914 ; 
re Date 1/24 sy 


AMENDMENT "A" 


™~ . “+ 


~ 











Commissioner of Patents and Trademarks 
Washington, D. C. 20231 


Sir: 

This amendment is in response to the Official Action 
mailed August 21, 1987 setting a shortened statutory period 
for response to expire November 21, 1987. This paper is 
deemed timely filed by virtue of the provisions of 
37 C.F.R. 1.8 and a request for a ae month extension of 
time under 37 C.F.R. 1.136(a) submitted herewith with the 

requisite fee. 

In response to the Official Action please amend the 
above-identified application as follows:: 


12-4125 030 105 324,00CH | 
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IN THE CLAIMS 7 


Cancel Claims 1-32 without prejudice. 






% [ . 
CH 33. A chimeric plant gene which comprises: 


[ (a) a promoter sequence which functions in plant 


cells; 

/ (b) a coding sequence which causes the production 
of RNA, encoding a chloroplast transit 
peptide/5-enolpyruvylshikimate-3~phosphate 
synthase fusion polypeptide, which. chloro-- 
plast nr peptide permits the fusion 
polypeptide to be imported into a chloro- 
plast of a plant cell; and 

[; (c) a 3* non-translated region which encodes a 
polyadenylation signal which functions in 
plant cells to cause the addition of: 
polyadenylate nucleotides to the 3' end of 

| the RNA; 

[ the promoter being heterologous with respect to the coding 
sequence and adapted to cause sufficient expression of the 
fusion polypeptide to enhance the glyphosate resistance of a. 
plant cell transformed with the gene. 

ak A chimeric gene of aim 23 in which the promoter 
sequence is a plant virus promoter sequence. 
ae. A chimeric gene of {aim 2¢in which the promoter 


sequence is a promoter sequence from cauliflower mosaic 


virus (CaMV). 
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she A chimeric gene of CYaim 38 in which the promoter 
sequence is the Camv35s promoter sequence. 

_ 37. A chimeric gene of Ciaim 3 in which the coding 
sequence encodes a mutant 5-enolpyruvylshikimate-3~-phosphate 
synthase (EPSPS). | Y 

A chimeric gene of Claim A3 in which the EPSPS 
coding sequence encodes an EPSPS from an organism selected 
from the group consisting of bacteria, fungi and plants. 

. A chimeric gene of ofaim 34 in which the chloro- 
plast transit peptide-is from.a plant EPSPS gene. - 

4. A cloning or expression vector comprising a 
chimeric plant gene of Claim at. . 
ph. A cloning or expression vector: of Glaim 4d in 
which the chimeric plant gene euenaes a chloroplast: transit 
peptide of a plant EPSPS gene. . 


Ae. A cloning or expression vector of fiaim @T in 





which the chimeric plant gene comprises a promoter sequence 
from a plant virus. | 

ie A cloning or expression vector of efeim ££ in 
which the promoter sequence is a promoter sequence from 
cauliflower mosaic virus -(CaMvV). | } 

: a. A cloning or expression vector of giaim #3 in 

which the promoter sequence is the CaMV35S promoter sequence. 

; 4s A cloning or expression vector of ‘G¥aim £0 in 
which the chimeric plant gene comprises a coding sequence 
encoding a mutant 5-enolpyruvylshikimate-3-phosphate synthase. 
ke . A cloning or expression vector of Grdim ae In 


which the coding sequence encodes an EPSPS from an organism 


selected from the group consisting of bacteria, fungi and 


plants. 
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re A plant Fens zormatson vector which comprises a 


chimeric gene of aim 33. 


4 


P o 


! 1S 
', 38- A plant transformation vector of/Claim A7 in 
which the chimeric plant gene encodes a chloroplast transit 


peptide of a plant EPSPS. gene. 


a 


1} / 
$9. A plant transformation vector of efaim g¥ in 


which the chimeric plant gene comprises a promoter sequence 


from a plant virus. eae 
< a T 
lg . A plant transformation vector of laim 45 in 


‘which the promoter sequence is-a promoter sequence from 


cauliflower mosaic virus (CaMV). 


[ q Zo / - . 
oe. A plant transformation vector of £laim 52 in 


which the promoter sequence is the CaMV35s promoter sequence, 

g. A plant eeaneesens ten vector of Claim of in 
which the chimeric plant gene comprises a coding sequence 
encoding a mutant 5~enolpyruvylshikimate~3~phosphate 
ene ye 

B. A plant transformation vector of Claim 47 in 
which the coding sequence encodes enceeees Aeon an organism 
selected from the group consisting of bacteria, fungi and 
plants. 

| 

ox. A glyphosate-resistant plant cell comprising a 
chimeric plant gene of Claim 33. 

Ee A glyphosate-resistant plant cell ef Claim 34 in 


which the promoter sequence is a plant Virus peonecee 


sequence. 
ay ; Zé ; 
- 86. A glyphosate-resistant plant cell of Claim-55 in 


which the promoter sequence is a promoter sequence from 


cauliflower mosaic virus (CaMV). 
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EA A glyphosate-resistant plant cell tihenst 
which the promoter sequence is the CaMV35S promoter sequence. 
gat A glyphosate-resistant plant cell of €laim sa” in 
which the coding sequence encodes a mutant 5-enolpyruvylshi- 
kimate~3~phosphate synthase. ft 
pe. A glyphosate-resistant pliant cell of (oe os 





which the coding sequence encodes an EPSPS from an organism 
selected from the group consisting of bacteria, fungi and 


plants. / 


: glyphosate-resistant plant cell of Claim 54 in 


which the chloroplast transit peptide is from a plant EPSPS” 


gene. P : 
2] oe Laehupederona- 
> 62. A Galea ere ane ant which has been 
f if 


regenerated from a glyphosate-resistant plant cell tzans— 


- 
ave 


formed -with—o tgresacte rim transformetica-yecstor comprising 
the chimeric plant gene of plaim 3B. 2 
62 A glyphosate-resistant plant of £laim et Sn which 
the promoter sequence is a plant virus promoter eal 
&. A glyphosate-resistant plant of Claim ‘6x in which 
the promoter sequence is a promoter sequence from cauliflower 
mosaic virus (GaMv). 
SF's glyphosate-resistant plant of Plaim 6s in which 


a 


the promoter sequence is the CaMV35S promoter s TBEnEes 
. A glyphosate-resistant plant hylan SX in ‘which 


the chimeric plant gene comprises a coding sequence encoding 


a mutant 5~enolpyruvylshikimate~3-phosphate synthase. 
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on. y 4 
A glyphosate-resistant plant of faim ed in which 
the ee sequence encodes an EPSPS from an organism 
selected from the group consisting of bacteria, fungi and 
plants. . . 
a5 4 24 
oY A glyphosate~resistant plant cett of plaim 62 in 
which the chloroplast transit peptide is from a plant EPSPS 


gene. P 


bechipboun for producing a glyphosate-resistant 
pliant’ which comprises | 


[, (a) transforming plant cells using an Agrobac- - 
terium transformation vector comprising a 
f 
chimeric plant gene of efaim 33; and 


[j (b) regenerating glyphosate-resistant plants 


gl 


gene comprises a plant virus —— sequence. 


from said transformed plant cells. - 


A method of Claim 58 in which the chimeric plant 


ae A method of Claim pein which the prenene. 
sequence is a promoter sequence from cauliflower mosaic 
virus (CaMV). 
Bal. A method es sein which the pee 
sequence is the CaMV35S promoter sequence. 
ts . B cenea of aim ogc in which the chimeric gene 
comprises a coding sequence encoding a mutant 5-enolpyruvyl- 
shikimate-3~—phosphate synthase. 
| ps. A method of aim 56 in which the coding sequence 
encodes an EPSPS from an organism selected from the group 


consisting of ‘bacteria, fungi and plants. 
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if 2 4b 
BR. A method of Claim $8 in which the coding sequence 


encodes the chloroplast transit peptide from a plant EPSPS 


gene. 


4? 
BB. A method for producing a glyphosate-resistant 


plant cell which-comprises transforming the plant cell with 
4 
a plant transformation vector of Claim 


ud 2 — 
. . A method of Claim 7B’ in which the chimeric gene 
er 


mee a promoter sequence aa a plant virus. 

yy. A method of slaim 36 n which the promoter 
sequence is a promoter’ sequence from cauliflower mosaic 
virus (CaMV). | 

35" A method of Claim 97 in heen the promoter 
sequence is the CaMV35S promoter. sequence. 

pt A method of plain 7s in which the chimeric gene 
comprises a coding sequence encoding a mutant 5-enolpyxruvyl- 
ae diel synthase._ 

aa. A method of ctain 25448 wnicn the coding ai ai 
encodes an EPSPS from an organism selected: from the group 
consisting of bacteria, fungi and plants. 

Bal A method of Claim 75‘in. which’ the coding sequence 


encodes the chicroplast transit peptide from a plant EPSPS 


gene. 
7)- 
az. A glyphosate-resistant tomato cell of Claim 54. 
se. = 
- A glyphosate- -~resistant tobacco cell of Claim =54. 
ee. A glyphosate- ~resistant oil seed rape cell of 
Claim a 
A 4 > 
Bs. A glyphosate-resistant flax cell of Claim 54, . 


- 7 9. 
# A glyphosate-resistant SOySean cell of cfaim 84. 


Dad 
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~ 


? . 22 
2. A glyphosate-resistant sunflower cell of Claim 4a. 
ae 


nau 
_ Bs. A glyphosate-resistant sugar beet cell of 


int 54. ; 
S = og? 
. A glyphosate-resistant alfalfa cell of Claim t. 


7 Plasmid pMON546, ATCC accession number 53213. 


meine gd | 





REMARKS a 


er re, 


=e 


; ™, 
Applicants’ attorney appreciated the courtesy extended ~~... 


by Examiners Spruill and Tarcza during the interview on- 
January 4. The discussion during the interview was helpful in 
clarifying the basis of the rejections. Claims 1-32 have 
been cancelled and new Claims 33-91 submitted for considera- 
tion by the eeenerier. It is believed that Claims 33-91 are | 
Gepositive of the concerns expressed by the Examiner and are 
allowable in their present form. Reconsideration of the | 
Examiner's rejections in the Official Action is therefore 


requested in view of the above amendments and following. 


remarks. 


REJECTIONS UNDER 35 U.S.C. 101 
Claims 1-21 are provisionally rejected under 
35 U.S.C. 101 as claiming the same invention as that of 


either co-pending application Serial Numbers 763,482 or. 


(792,390. These two previously filed applications are being 


abandoned in favor of the present application. Copies of the 


Express Abandonment documents are attached. Hence, withdrawal - 


of the above rejection is requested. 
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REJECTIONS UNDER 35 U.S.C. 102(e) 


Claims 1-21 are provisionally rejected under 

35 U.S.C. 102(e) as being anticipated by either co~pending 
application Serial Numbers 763,482 or 792,390. As discussed 
with the Examiner in a telephone interview, the inventive - 
entities are the same in all three pending applications. 
Therefore, a rejection under 35 U.S.C. 102(e) is not appro- 
priate. In any event, the previously filed applications 

are being abandoned. Withdrawal of the rejection under 


35 U.S.C. 102(e) is requested. 


LIST OF PRIOR ART CITED BY APPLICANT 

The list of references contained in the present 
specification are primarily provided for the convenience of 
the reader as well as for completeness in the description of 
how to make and use the claimed invention. Attached to this 
amendment is a list of prior art references peenberse form 
pTO-1449) which Applicants believe are gaterts), ks the 
patentability of the subject claims and are not yet of 
record. Applicants request these references (PTO-1449) be 


made of record in addition to those already relied upon by 


the Examiner. The relevance of each of these references is 


discussed in this response. Copies of the references are 


included for the convenience of the Examiner. 


REJECTION UNDER 35 U.S.C. 112, FIRST PARAGRAPH 

The specification is objected to and Claims 1-32 - 
stand rejected under 35 U.S.C. 112, first paragraph. The 
Examiner states that the specification is defective because 


jt is not clear that the deposit meets all the criteria set 
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forth in MPEP 608.01 (p)C. Although Applicants maintain 
that the instant specification is enabling even in the 
absence of the instant deposit, Applicants also recognize 


that the deposited material PMONS46SE (ATCC 53213) contains 


Vanes mong t 


the petunia EPSPS gene-which may be used.to isolate.other . 
i EPSPS genes in the manner taught and demonstrated in the 
specification thereby reducing the amount of work necessary 
to make and use the claimed invention. 

As discussed during the interview of January 4, it is 
now the policy of the PTO, as announced by Mr. Charles van 
Horn, to permit a principal attorney of record to provide 
the assurances enumerated by tne Examiner. 

Hence, the undersigned aebornee represents that (a) 
during the pendency of the application, access to the inven- 
tion will be afforded to the Commissioner upon request; 

(b) that all restrictions upon availability to the public 
will be irrevocably removed upon the grant of a U.S. patent; 
and (c) that the deposit will be maintained in a public 
depository for a period of 30 years or 5 years after the 
last request or oe the effective life of a U.S. patent 

" issued on this. application, whichever is longer. A copy of 
the deposit contract with the ATCC is provided for entry 

into the file wrapper. As noted on the ATCC contract deposit 
was made August 2, 1985, prior to the priority date of the 


instant application, and the viability of the deposited 


bad + 
enna mor 


cultures confirmed on September 8, 1986. Hence, withdrawal 


of this rejection under 35 U.s.c. 112, first paragraph is 


‘ 
Aaare We at Aen ett 


solicited. 
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Claim 6 stands rejected under 35 U.S.C. 112, first 
Sapeuraur: The rejection states that the disclosure is 
enabling only for claims limited to CaMV promoters. Appli- 
cants respectfully traverse the above rejection in view 
of the following remarks. 

As discussed during the interview, it is well esta- 
blished that the function of plant promoters is independent 
of the plant gene in which they are found. That is for 
example, a nopaline synthase promoter would drive a hetero- 
logous coding sequence (e.g. CTP/EPSPS coding sequence) in 
addition to the natural nopaline synthase coding sequence. 
It is equally well established that as of the earliest 
priority date (8/7/85) of the present application plant 
molecular biology had progressed to a state wherein it was 
within the skill of the art to isolate plant promoters and 

. 
integrate the promoter into a functional chimeric plant gene 
construct. 

Claim 33 describes ome aspect of the present inven- 
tion; that is, a chimeric gene which expresses a CTP/EPSPS 
fusion polypeptide. As discussed at the interview, the 
claim has een written to functionally describe the require- 
ments of a suitable plant promoter. in the broadest sense, 
a eee SeeneEeE will be any promoter that functions in 
plants since this promoter would drive the chimeric gene. 
produce more EPSPS and as a result make the plant cell more 
resistant to glyphosate herbicide. In some cases ohne may 


need more elevated constitutive expression or possibly tissue 


specific expression. 
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The exact level of expression.of the chimeric gene 
will depend on how sensitive the untransformed crop plant is 
to glyphosate, the sensitivity of the weeds one wishes to 
control in the presence of the transformed glyphosate- 
resistant plant as well as the sensitivity of the EPSPS | 

encoded by the chimeric gene. It is submitted that the 
selection of a promoter is straightforward since all that 

is required is routine optimization of variables which those 
skilled in the art, with the guidance provided by the specifi- 
cation, could achieve without undue experimentation. - 

Claims 22-30 are rejected under 35 U.S.C. 112, first 
paragraph. Claims 22-30 describe methods for producing 
glyphosate-resistant plants and glyphosate~resistant plants 
per se. The rejection is based on the conclusion that gene 
transfer via Agrobacterium and subsequent plant regeneration 
has not been demonstrated to be reliable in all plant species. 

Newly submitted Claims 61-67 and 68~74 are directed 
toward glyphosate-resistant plants and methods for producing 
such plants, respectively. In each instance the transforma- 
tion means is limited to Agrobacterium mediated transfor- 
mation. It is well documented that plants susceptible to 
gene eeanee via Agrobacterium are also capable of 
regeneration using conventional explants. Claims 54-60 and 
75-91 are directed toward glyphosate-resistant plant cells 
and methods for peudertae such plant cells, respectively. 
Although, Agrobacterium transformation is more efficient in 
plant species susceptible to such transformation, other means: -- 


described in the specification such as free DNA delivery are 


effective for plant cells not susceptible to Agrobacterium 
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transformation. Hence, no limitation. as to the means of 
transformation is necessary in these claims. Withdrawal of 


the above rejection is requested. 


REJECTION UNDER 35 U.S.C. 112, SECOND PARAGRAPH - -- 

Claims 2, 6-8, 10, 11, 14-16, 31 and 32 are rejected 
under 35 U.S.C. 112, second paragraph as being indefinite 
for failing to particularly point out and distinctly claim 
what the subject matter which Applicants regard as the 
invention. 

The newly submitted claims are devoid of such language 
as "derived from", "an EPSPS gene ... chromosome” and "DNA 
containing ....or fragment thereof". Furthermore, the sub- 
ject matter of Claim 31 and 32 has been withdrawn reserving 
the right to pursue such subject ‘matter in a divisional 
application. 

It is respectfully submitted that the pending claims 
are not vague or indefinite. Indeed, ehey define the 
invention with the requisite particularity and definiteness 
to enable those skilled in the art to determine the scope 


of the claimed invention. 


REJECTION UNDER 35 U.S.C. 102(b)/103 


Claims 17-21 are rejected under 35 U.S.C. 102(b). as 
being anticipated by Amrhein et al. or Nafziger et al. or, 
in the alternative as being obvious over these references. 


This rejection is traversed in view of the following remarks. 
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Claims 54-60 correspond to original Claims 17-21. 
Claims 54-60 embrace glyphosate-resistant plant cell which 
contain a chimeric gene of Claim 33. Inasmuch as the instant 
plant cell claims have the inherent limitation that they 
contain a chimeric gene wherein the: promoter and CTP/EPSES © 
: coding sequences are from different sources they can not be 
anticipated by the mutant cells of Amrhein or Nafziger et'al. 
since there is no disclosure that would suggest that the 
glyphosate resistance is imparted by such a chimeric gene as 
taught and claimed herein. 

Moreover, the Nafzinger et al. reference discloses 
that in addition to elevated EPSPS activity in the adapted 
cells there were also increased. levels of free amino acids. 
The authors conclude that the elevated levels of aromatic 
amino acids, which may confer resistance, suggest that con- 

; trol of the shikimate pathway may be altered in adapted cells. 
The work of Amrhein et al. discloses that in the glyphosate 
adapted cells of Corydalis sempervirens other protein levels 
are elevated in addition to EPSPS levels (Smart et al., J. 

of Biol. Chem. (1985) 260, 30, pp- 16338-16346). It is sub- 
mitted that the cumulative teaching of the above references 
is that ee epsewed glyphosate resistance is the result of 

a complex alteration in the aromatic acid pathway and cer- 
tainly does not suggest that glyphosate resistance may -be 
imparted by only introducing the chimeric gene of the present 


invention. Withdrawal of this rejection is therefore 


requested. 


eee ee 
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REJECTION UNDER 35 U.S.C. 103 

Claims 1, 2 and 9 are rejected under 35 U.S.C. 103 as 
being unpatentable over Comai in view of Van den Broeck. 

The rejection is traversed in view of the following remarks. 

Comai discloses a mutant bacterial aroA gene which is 
tolerant to glyphosate. Comai suggests, but does not demodn- 
strate, that expression of this gene in plants under the 
necessary regulatory signals would impart glyphosate 
resistance. 

Van den Broeck discloses that a gene product:-{(neomycin-- 
phosphotransferase) may be imported into the chloroplast by 
using an N-terminal chloroplast transit peptide fusion with 
the protein. The rejection then states: 

4... as the DNA sequence ‘for glyphosate resis-~- 

tance EPSPS was known, and had been specified 

for use in plants, and a method, via TDNA, for 

transformation of a plant cell with a chimaeric 

gene and transport of the fusion peptide into 

chloroplasts had been demonstrated, it would 

have been obvious to the ordinary artisan to 

form a fusion protein with a transit peptide and 

the EPSPS gene to confer glyphosate resistance 

on plant cells." 

Applicants submit that the above rejection is improper 
for the following reasons. 

Prior to the present invention it was unknown whether 
the concept of over expression of EPSPS or that expression 
of a glyphosate-resistant mutant EPSPS would impart enhanced 
glyphosate tolerance since glyphosate herbicide was reported 
to have targets other than EPSPS, see for example Lee, T.T., 
J. Plant Growth Regul. -(1982) 1:37-48. Indeed, itvhas been 
reported that three sensitive targets of glyphosate action 


exist: cytosolic EPSPS, plastidic EPSPS and the cytosolic 
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DAHP synthase~Co. The author goes on to caution that a 
scenario in which glyphosate~resistant plants are produced 
by cloning a tolerant EPSPS into a crop plant may be over- 
simplistic. The steboe concludes that successful introduction 
of glyphosate-resistant genes-into plants by genetic engi- 
neering may well need to take into consideration the- 
existence of more than a single glyphosate target in more 
than one subcellular location (see Jensen, R. A., Physiol. 
Plant. (1985) 66:164-168 as well as Rubin et.al. Piant 
Physiol. (1982) 70, 833-839; Cole et al., Weed Research 
(1983) 23, 173-183; and Rubin et al., Plant Physiol. (1984) 
75, 839~845). 

Furthermore, since eae gnacic activity for fue shiki- 
mate pathway enzymes had been reported to- be both in the 
cytoplasm and in the chloroplast it was not known whether the 
EPSPS was encoded by a nuclear gene or a cytoplasmic gene; 
see for example Mousdale et al. Planta (1985) 163:241-249, 
'dAmato, T. A. et al. Planta (1984) 162:104-108, Rothe, G. M. 
et al. Planta (1983) 157:358~366, Jensen, R. A. Physiol. 
Plant (1985) 66:164-168, Singh, B. K., et al. (1985) Arch. of 


Biochem. & Bioph. 243:2 pp. 374-384, and Saijo et al. Agric. 


Biol. Chem. (1979) 43, (7), pp. 1427-1432. If the EPSPS gene 


had been found to be of chloroplastic origin, how would one 
transform a plant with such a gene? Fortunately, this-was 


not the case. After determining that the natural EPSPS gene 


‘was of nuclear origin and contained a chloroplast transit 


peptide, it was still uncertain whether overproduction of 


the EPSPS would impart glyphosate tolerance. The small sub~ 
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. unit of ribulose 1,5-bisphosphate carboxylase was reported 
: to be degraded when imported into the chloroplast in the 


absence of sufficient amounts of chloroplast synthesized 


we 


large subunit (see Schmidt et al. P.N.A.S. USA (1983) 80, 


2632-2636). 


“ 


Spe > elle me oat 


Returning again to the statement in support of the 
rejection, if it were obvious to target the EPSPS to the 


chloroplast, why did Comai et al. not do it? See Stalker et 


Ve Pata ween! 


al., J. Biol. Chem. (1985) 260:8:pp 4724-4728 and Science 
(1986) 231:1360-1361. 

In November of 1984, Calgene's Director of Research, 
suggested that it may be necessary to express the bacterial 
EPSPS gene in-the chloroplast as well as the cytoplasm. 
Thereby again supporting the need for cytoplasmic expression. 
See Biotechnology (1984) November pp 944. (Calgene, Inc. is 
the assignee of USP 4,535,060 issued to Comai.) 

The present inventors found that it is possible to 
direct the cloned EPSPS to the chloroplast and that by doing 
so a better means of glyphosate tolerance results. Futher- 
more, the present inventors found that cytoplasmic expression 
of the EPSPS gene was not necessary. Example 8 of the 
application (pp. 43-47) details the comparison between 

‘cytoplasmic expression and chloroplastic targeted expression 
of EPSPS and supports the superior results obtained using 
the chimeric gene of the present invention. Visual represen- 
tation (photographs) of this comparison were shown to the 


Examiner during the interview of January 4. 
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Recently it has been reported {Genetic Engineering 
News, November 1987) that scientists at Calgene have followed 
the teachings of the instant application. In describing the 
work of Comai et al. eaeting to non-targeted EPSPS expression 


the author states: 


- Although these results were successful as far 
as “getting the gene into a plant and securing its 
expression (the gene was also transmitted through 
seed), regenerated plants showed only partial 
herbicide tolerance when exposed to herbicide 
levels characteristic of normal use. Viable 
commercial tolerance was not achieved, and thus - 
the model failed ..." 


The author further stated: 
"In a refinement of their first model, Calgehe 
scientist prepared a construction in which the 
mutant AroA gene was ligated to a plant leader 
sequence (plant DNA encoding a signal sequence 
which, in this case, would direct transport of the 
protein into chloroplasts). This construction was 
successful, directing localization of the bacterial 
enzyme to the chloroplasts where it produced a 
level of glyphosate tolerance suitable for a 
commercial model." 
It is respectfully submitted that the present invention as 
claimed is nonobvious over the art of record. ‘Moreover, 
assuming for arguments! sake that chloroplast directed EPSPS 
expression was “obvious to try” one could not conclude that 
the observed superior tolerance would be expected. 
It is submitted that Comai and Van den Broeck is an 
improper combination of references which can only be justi- 
fied with the knowledge of the instant inventors' work. 


Withdrawal of the above rejection is deemed proper and is 


earnestly solicited. 
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REJECTION UNDER 35 U.S.C. 103 - SECONDARY REFERENCES 

As discussed during the interview of January 4, the 
secondary references do not render any of the pending claims 
obvious, alone or in combination with the primary references. 
indeed, it is clear that these references do not provide the 
jnadequacies. of the primary references. Specifically, the 
secondary references fail to provide the requisite linkage 
between the primary references since they do not teach the 
observed outcome (superior tolerance) as the concatenate 
result of chloroplast targeted EPSPS expression. Indeed, -the 
secondary references alone or in combinaticn fail to remove 
the uncertainties of the art as a whole (at the time of the 
invention) as to whether EPSPS egpmeesvon at any location in 
the cell would result in glyphosate resistance. 

Claims 5-7 and 12 are rejected under 35 U.S.C. 103 
as being unpatentable over Comai and Van den Broeck as 
applied to Claims 1, 2 and 9 above and further in view of 
Koziel et al. Applicants traverse for the following reasons. 

Applicants agree that the use of-the CaMV promoters 
as plant gene promoters is known. However, as stated above 
it was not known that the EPSPS gene was chloroplast directed 
and furthermore in the absence of the Applicants' showing of 
improved results there would be no incentive to combine the 


teachings of the above references and make the cloning or 


expression vectors (now embraced in Claims 40-46). With- 


drawal of this rejection is therefore requested. 


Claims 22-30 are rejected-under 35 U.S.C. 103 as 


being unpatentable over Comai and Van den Broeck in view of 


Koziel et al. and further in view of DeBlock. Applicants 
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traverse this rejection in view of the following remarks. 
The secondary reference by Koziel and DeBlock can not make 
up the deficiencies of the primary references. In view of 
the arguments provided above, it is respectfully submitted 
that the above rejection is improper since there is no , 
incentive to transform plant cells with the chimeric gene of 
the present invention in face of all the uncertainties 
described earlier. Withdrawal of the rejection is requested. 

Claim 8 is rejected under 35 U.S.C. 103 as being 
unpatentable over. Comai and Van den-Broeck in view of Koziel 
and Guilley et al. The Guilley et al. reference does not 
disclose the deficiencies of the primary reference as 
discussed above. Hence, the rejection is not proper and 
should be withdrawn for the above reasons. 

Claims 3, 4, 31 and 32 are rejected under 
35 U.S.C. 103 as being unpatentable over Comai and Van den 
Broeck as applied above and further in view of Amrhein et al. 
and Mazur et al. The inadequacies of the primary references. 
are discussed above. Also noted above is the fact that all 
that can be concluded from the Amrhein reference in light of 
Natzinger is that in both cases glyphosate resistance of the 
adapted exits was accompanied by increased EPSPS activity. 
That is not to demonstrate that the overproduction of EPSPS 
would produce glyphosate resistance for the reasons discussed 
above (Jensen, (1985) supra). Hence, in view of all the 
uncertainties there is no clear incentive to do what the 
inventors have done. Having withdrawn the subject matter of 


original Claims 31 and 32, withdrawal of the above rejection 


is proper and earnestly solicited. 
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Claims 10, 11, 13 and 18-21 are rejected under 
35 U.S.C. 103 as being unpatentable over Comai and Van den 
Broeck in view of Amrhein et al. and Mazur and further in 
view of Koziel and Guilley et al. The shortcomings and | 
uncertainties surrounding the Comai, Van den Broeck and ; 
Amrhein references have been Seevioue iy discussed. It is 
respectfully submitted that in face ag these uncertainties 
it was nonobvious and quite unexpected that expression of. 
the chimeric gene (Claims 33-39) in plant cells (54-60) 
would yield such improved resistance as compared with the 
cytoplasmic expression suggested by Comai. Withdrawal of 
this rejection is requested. . 

In summary, it is ee that glyphosate resis- 
tance in plant cells and plants via expression of a 
chimeric gene which expresses a CrP /EPSPS polypeptide is 
clearly patentable over the art of record. Claims 33-91 as 
now submitted are believed to meet the requirements of | 
Title 35 U.S.C. and allowance of these claims is pespecetaa ty 
solicited: Applicants acknowledge the need to submit formal 
drawings and will do so upon allowance of pending claims. 

If the Examiner believes a telephonic interview 
would facilitate prompt allowance of the pending claims, 


he is encouraged to call the undersigned attorney at 


Respectfully submitted, 


Dennis R. Hoerner, Jr. 
Attorney for Applicants 
Registration No. 30,914 


(314) 537-6099. © 


Monsanto Company 

700 Chesterfield Village Parkway 
St. Louis, Missouri 63198 

(314) 537-6099 
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